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ABSTRACf
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The main goal cf'the present work is the use of mineralogical data corresponding to sedime nt fine fractions (silt and clay) of
Quaternary littoral deposits for the defini tion of a more detai led vertical zonography and to discri mina te the most significant
morphoclimatic changes concerned with sediment source areas and sediment deposition areas. The analysis of the available
mineralogica l data reveals a vertica l evolution of the mineral composi tion. The following aspects deserve particular reference: I)
fine fractions « 38!.lm) are composed ofquartz and phyllosiiicares associated to feldspa rs, preva iling over other minerals; however
in certain section s iron hydroxides and evaporitic minerals occur in significant amounts; 2) clay fractions « 211m) show a gene ral
p revalence .of illi te associated with kaolinite and oscilla tions, in relative terms, of kaolinite and illite contents. Qualitat ive and
quantitative lateral and vertical variations of clay and non clay minerals allow the discri minatio n of sedimentary sequences and the
establishmenl ofthe ritmic ity and periodicity ofthe morphoclimatic Quaternary episodes that occurred in the Cortegaea and Maceda
beaches. To each one of the sedimentary sequences corresponds, in a first stage, a littoral environment that increasin gly became
more cont inenta l. Climate would be mild to cold, sometimes with humidity - aridity oscillations. Warmer and moister episodes
alternated with cooler and dryer ones.
RESUMO
Palavras-chave: Rec0l\.stituio;ao paleoambiental ; marc.adores mineral6gicos; Quatemario.
o principal objec tive do presente traba lho consiste na utilizaca o de dados mineral6gicos corres pondentes as fraco;oes siltosas e
argilosas de depositos quaternaries portugucses de praia e duna para ensaia r 0 estabelecimento de uma zonografi a vertica l detalhada
e de uma discnminacac das modificacdcs morfoclimlltieas mais signiflcativas ocorrentes nas areas-fontc, e de deposi~o, des
sedimentos. A anal ise dos dados minera16gicos obtidos permite estabelecer urn modele de evolucao vertical da composio;il.o mineral
des sedimentos esrudados. Merecem dcstaque os seguintes aspectos: I) nes fraco;ocs finas« 38 !.lm),quartzo e fiiosilicatos, associados
aos feldspatos, prevelecem relativamente aos demais mmerais; contudo em algumas seccees ocorrem hidrcx jdcsde ferro e minerals
evaportricos,em quantidades significativas; 2) nas fraco;5es argilosas « 2 urn), regista-se prcdominancia de ilite associ ada a caulinite,
com oscilaedes, em tennos relativos, dos conteu dos de caulinite e de ilite. As variao;3es verticais e laterais qualitativas e quantitativas
dos minerais argilosos e nilo argilosos penn itiram a discriminaeao das scquencias sedimentarcs e 0 estabelecimento da ritm icidadc
e periodicidadc dos episcdios morfoclim.iticos que ocorreram durante 0 Quatemario na regiao litera l na qua l se localiza m as praias
de Cortegaeae Maceda. Acada uma des sequencias scdimentarcs corrcspondc, inicialmente, urn ambiente litoral que progressivamcnte
se tomou mais continental. As ccndicees climaricas seriam tempe radas a fries, com oscilacdea no que se refere apfuviosidadc -
aridez. Ensaiou-se a dcfinio;il.o de episodios climatlcos altcman tes, ora mais quentes e pluviosos ora mats fries c eecos.
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INTRODUCTION
T he main goal of th e present work is to use
mineralogical data corresponding to silt and clay fractions
from sediments of Quaternary littoral de posits for the
establishment ofa more detailed vertical zonography and
for the definition of the most significant morphoclimatic
changes concerning with sediment so urce areas and
sediment depos ition areas.
The sites under study,Cortcgeca and Maceda beaches,
near Ovar are located in an extensive flat region (Fig. 1).
North ofAveiro, coastal eros ion exposed the so-called
"P raia de Cortcgaca" (Granja & Carvalho, 1991, 1994)
and "Praia de Maceda" Formations (Granja et al., 1996)
cons isting ofancient beac h and dune sediments.
Contributions on mineralogical data provided infor-
mation about the main morphoclima tic events that did take
place in the region at the time of the sed iments, deposi-
tion (Machado et al., 1995; Silva et al., 1997) .
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GEOLOGICAL SETT ING
The "Pra ia de Cortegaca" Formation (G ranja &
Carval ho, 1991, 1994) consists, from the base to the top,
of (Fig. 2): greenish fine silty-clayey sand overlied by a
sandy uni t exhibiting cross-bedding. Coal fragments
incorporated in the greenish fine silty-clayey sand allowed
radiocarbon dates between 6850 ±60 and 5500±160 years
S P. Overlying the sandy unit lies a podzo l with bioturbated
horizons . Datation on coal fragme nts in the podzo l
provided values in the range 3490±60 - 950±80 years BP.
At the top of the cross-sections lie bioturbated beach and
dune sands. Granja & Carval ho ( 1991, 1994) did present
the geologic selling of the Praia de Cortegaca Formation,
and did put forward stratigraphic and envi ro nme nta l
ana lyses. For detailed description of the studied profiles
see Mac hado et al. (1995) and Silva et al. ( 1997).
The "Praia de Maceda" Formation (Granja et al, 1996)
co mpri s es from th e base to the top : bioturbated,
Fig. I - Location ofthe studied sites.
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MATE RIALS AND M ETIIODS
RE SULTS AN D DISCUSSION
In the lower part of the section. the sediments of Un it
I (heavily bioturbated. struc tureless sands ) present a
mineralogical association consisting of Quartz, Feldspars
and Mica/Il lite , with a little Kaolinite and Chlorite. This
assoc iation, the absence of sedimentary struc tures, and
bioturbations, poi nt out to aquatic littora l environments.
The materials of the uppermost part of the Unit are most
probably aeolian.
The mineralogical composition of Unit 2 (fine silty
sands aged 26700 ± 100 years BP - 27150 ± 2500 yea rs
BP) is character ised by a strong increase in Illite contents.
Both mineralogical data and textural parameters indicate
that sedimentation took place in a restricted, con fined,
transitiona l environment (coastal lagoon).
Unit 3 (marine sands) show a mineralogical associa-
tion quite similar to that ofUnit I, characterized by a sharp
increase ofcoarse detrital minera ls (quartz and feldspars),
disclo sing most probably the effects of a transgression .
The mineralogical composition ofthe silty sands (aged
17100 ± 200 years BP) of Unit 4 is charaeterized by a
sharp increase of fme detrita l minerals (clay minera ls, in
part icular Illite and Kaol inite), indica ting an evolut ion to
a lagoonal environment. Thi s evo lution, and its minera-
logical features, persists along Unit 5 (fme silty sands aged
13255 ± 685 years BP), that ends with a paleosurface .
Sed iments of Un it 6, consisting of sands exhibiting a
mega cross-bedde d set (dec imetric scale) at the base that
passes to tabular cross-bedding (centimetric scale), present
a mineralogical composi tion typical of aeolian depo sits
(represented by Quartz and Feldspars with discrete amount
of clay in which Kaolinite content increases sharp ly in
regards to the generally predo minant clay mineral, Illite).
On the basis of the qualitative and qua ntita tive
mineralogy, it is possible to put forward an exercise of
reconstruc tion of the cl imate conditions prevail ing at the
time the sedimentary processes res ponsib le for the
fo rma ti on o f the dis ti nc tive sedi menta ry un its did
take place.
In general terms the association of Illi te and Kaolinite
expresses a mild climate with sligh t con trasting seaso ns.
During deposit ion of sediments from Uni ts 2 and 3 the
climatic conditions would be d ifferent from the general
ones. In fact, the sharp increase verified on Illite contents
expresses colder and less hwnid climatic conditions, in
particular in Un it 3, whose sed imen ts con ta in Ill ite
displaying bette r crista llini ty. The vertica l evolution of the
clay mineral asso cia tions point out to a gradual enrichment
in Kaolinite and also to a sligh t degrada tion of Illite. This
evolution allow usto con sider that a pro gressive transi tion
to warm er and mo ist er cl imat ic condi tio ns d id take
place during the depo sition of sediments from Units 4,
5 and 6.
To ana lyse the vi rtua l cli ma tic oscillatio ns th e
following parameters: Illite/K aolini te, Ill ite + Chlorite/
Kao linite +Vermiculite and the Kubler crystallinity index
for Illite, have been selec ted . Interp retation of these
parameters allowed the discrim ination of several climatic
alternating episodes, eithe r wanner and moister or cooler
and dryer.
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Fig. 2 - Maceda Beach formation.
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The first mineralogical results concerning the distinc-
tive units o f Maceda Beach Formatio n are presented. In
general terms. the litholog ical units are characterized by
the dominance of Ill ite, having source mos t probably on
phyHitie roc ks, quite widespread throughout the reg ion.
Kao linite is abundant in some units, whereas Chlorite and
irregular 10- 14 A Interstratifications are the accessory clay
minerals. Iron hydroxides and evapori tes are present in
some units .
Maeeda beach Form ation
About 50 sediment samples were collected along four
profiles (three at Cortegeca beach and one at Maceda
beach) that have been stud ied afterwards.
Mineralogical compos ition, particularly that of fine
fractions , was det er mined through X-ray diffraction
(XRD) patt erns corresponding to less than 38 11m and 2
11m fra ct ions . Q uali tative a nd se mi-q uan tit ative
determination of clay and non-c lay minerals was carried
out on both size fractions .
s tructureless sands; fine silty sands containing Pinus
sy/vestris d ated 26700 ± 100 years BP and 27 150 ± 2500
years BP; marine sands; silty sands, dated 17100 ± 200
years BP; fmc silty sands , dated 13255 ± 685 years BP, as
. well as aeo lian or fluvial sands.
125
1G Congresso sobre 0 Cenoz6ico de Portugal
Fig. 3 • Cortegaca Beaeh formation.
Ccrtegaca beac h Formation 1. greenish sandy clay;
2. sand layers characterized by marked cross-bedding
having on top a bioturbated podzol:
3. bioturbated beach sand and dune sand.
Illite dominance in Sequence I wou ld repres en t
sed imenta tion in an environment characterized by low
hydrodynamism whereas Illite gradual enric hment towards
the top of the sequence would mean that the environment
became progressively more confined and lagoonal. The
environment cha nged from a littoral one , supra mareal , to
a lagoonal one and finally to an evapori tic one. Sequence
2 expresses at its base the effects of a transgression,
followed by a new regression, since a li ttoral o r a
transition enviro nment changed progressively to a very
co nfined lagoona l one. Later on this type ofenvironment
cha nged to a contine ntal air exposed one where a soil
displaying podzol chara cteristics would be developed.
Sequence 3 beg ins wit h beach sand and ends up with
dune sand.
Based upon qualitative and quan titative mineralogical
data, a model expressing the morphoclimatic conditions
prevailing at the time the studied sed imentary sequences
had been formed could be put forward.
In Sequence 1, the significant amounts, approxima tely
equ ivalent, of lUite and Kaolinite express a mild climate
with slight contrasting seasons . In Sequence 2, climate
would persist mild, how ever not so warm as the one
corresponding to Sequence 1. In Sequence 3 the prevailing
mild cli ma te changed progressive ly to a cooler and
dryer one.
The analys is of the eventual c limatic oscillations was
based upon the following parame ters: IllitclKaolinite, Illite
+ Chlori te /Ka olinite + Vermicul ite and the Kubler
crystallinity index for Ill ite.
Interpretation of these parameters allowed us to define
ten c limatic a lternating episodes, ei ther warmer and
moister or cooler and dryer.
CO NCLUSIONS
Qu ali tative and quantitative lateral and vertical
variations of clay and non clay minerals allowed the
disc rim in at ion of se dimen ta ry sequences and the
esta blishment of the ritmici ty and periodic ity of the
morphoclimatic episodes considered to have taken place
dur ing Quaternary in the littoral reg ion where Cortegaca
and Maced a beaches are located.
To eac h one of the sedi mentary sequenc es
corresponds, in a first stage, a littora l environment that
became progre ss ive ly more continenta l. Cli ma tic
cond ition s would be mild to col d, so meti mes with
signi ficant oscillatio ns in regards to humidity . aridity
seasonal contrast. In fact, alternating climatic episodes
could be traced, apparently expressed by warmer and
mo iste r ep iso de s alte rnating with cooler and dryer
episodes.
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A preliminary study ofthe mineralogical co mposition,
in particular of the clay fraction, from the sediments of
Praia de Cortegacaformation was carried out by Machado
et al. (1995).
Once again, and in general terms, the distinctive
lithological units are charac terized by the dominance of
Illite, having source most probably on phyllitic rocks,
whic h arc quite widesprea d throug hout the region .
Kaolinite is abundant also in some units, whereas Smectite,
Chlorite, Vermic uli te and irreg ular 10- 14 A
Interstra tifications arc the accessory clay minerals. Iron
hydroxides and evapor itic minerals are present in some
units.
These resu lts point out to the existence of a gradual
vertical evo lution charac terized by the following main
features :
• dominance of Quartz and Phyllosilicates in the fine
fraction associated to disc rete amounts of Feldspar
and other accessory minerals;
• occurrence of evaporite mine rals and iron hydrox-
ides in thin layers;
• general dominance of Illite over Kaolinite in the
clay fraction and oscillations of llIitelKaolinite
contents ratio.
Cortegac;a beach Formation
This vertical mineralogical evolution allowed the dis-
crimination ofthe following three sedimentary sequences,
from the basis to the top (Silva et aI., 1997) :
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Fig. 5 - Mineral ogical composition of me clay fractions
(Maceda Beach Formation).
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Fig. 4 - Mineralogical composition ofthe fine fractions
(Maceda Beach Formation).
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Fig. 8 - Mineralogical composition of the clay fractions
(Conegeca Beach Form ation).
Fig. 7 - Minera logical composition of the fine fractions
(Cortegaca Beach Formation).
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Fig. 9 - Vertical evolution of illite and kaolinite contents
(Cortegeca Beach Forma tion) .
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